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T h i s  p a p e r  i n v e s t i g a t e s  t h e  c h a r a c t e r i s t i C S .  t e c h n o l o g y  a n d  t h e  u s e  o f  b u r n t  p a l m  
k e r n e l  s h e l l s  a s  a  r e p l a c e m e n t  f o r  a g g r e g a t e s  1 n  l i g h t  w e i g h t  c o n c r e t e  T h e  n e e d  t o  f i n d  
.  '  
a l t e r n a t i v e  s o u r c e s  t o  i m p o r t e d  a n d  e x p e n s 1 v e  b u i l d i n g  m a t e n a l s  f o r  c o n s t r u c t i o n  l e d  t o  
t h e  i n v e s t i g a t i o n  o f  Q u r n t  p a l m  k e r n e l  s h e l l s  a s  a  p o s s 1 1 ; > 1 e  s u b s t i t u t e  f o r  s o m e  a g g r e -
g a t e s .  
I n v e s t i g a t i o n  i n t o  t h e  p h y s i c a l  a n d  s t r u c t u r a l  c h a r a c t e n S t t c s  o f  t h e  b u r n t  p a l m  k . e r -
n e l  s h e l l s  w a s  c o n d u c t e d .  T h e  p a p e r  w a s  u s e d  c o n c r e t e  m i . x  1  : 2 : 4  d e s i g n .  D i f f e r e n t  
t e s t s  w e r e  a l s o  p e r f o r m e d  o n  t h e  w e t  a n d  c u r e d  l i g h t  w e i g h t  c o n c r e t e  p r e p a r e d  b y  r e -
p l a c i n g  0 % .  1 0 %  a n d  2 5 %  o f  t h e  f i n e  a n d  c o a r s e  a g g r e g a t e s  w i t h  t h e  s h e l l s  b u r n t  t o  
1  0 0 ° C .  3 0 0 ° C ,  5 0 0 ° C  a n d  t h o s €  s h e l l s  b u r n t  i n  t h e  o p e n  a i r .  
T h e  r e s u l t  i n d i c a t e d  t h a t  c o m p r e s s i v e  s t r e n g t h  o f  c o n c r e t e  w i t h  b u r n t  s h e l l s  w a s  
l o w e r  t h a n  t h a t  o f  c o n c r e t e  w i t h  u n b u r n t  s h e l l s  a t  t h e  s a m e  p e r c e n t a g e  r e p l a c e m e n t .  
T h e  c o m p r e s s i v e  a n d  t e n s i l e  s t r e n g t h  w e r e  f o u n d  t o  b e  d e c r e a s i n g  w i t h  t e m p e r a t u r e  
i n c r e a s e  o f  t h e  b u r n t  s h e l l s  u p  t o  3 0 0 ° C  b u t  p i c k e d  u p  t r e m e n d o u s l y  w i t h  s h e l l s  b u r n t  t o  
5 0 0 ° C  
T h e  r e s u l t  s h o w e d  t h a t  b u r n t  p a l m  k e r n e l  s h e l l s  i s  a  v i a b l e  s u b s t i t u t e  f o r  a g g r e -
g a . t e s  f o r  l i g h t  w e i g h t  c o n c r e t e  i n  f l o o r s .  p a r t i t i o n s .  i n s u l a t e d  p a n e l s  a n d  l a w n  t e n n i s  
c o n c r e t e  f l o o r s .  
I N T R O D U C T I O N  
C o n c r e t e  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  m a t e r i a l s  u s e d  i n  t h e  b u i l d i n g  i n d u s t r y  
H o w e v e r .  t h e  h i g h  c o s t  o f  i t s  m a t e r i a l  c o m p o n e n t s .  t h e i r  u n a v a i l a b i l i t y  a n d  t h e  n e e d  f o r  
v a r i o u s  t y p e s  o f  c o n c r e t e  h a v e  c a l l e d  f o r  t h e  u s e  o f  d i f f e r e n t  m a t e r i a l s  a s  s u b s t i t u t e  f o r  
t h e  c o n s t i t u e n t s  o f  c o n c r e t e .  
" T o  w h o m  c o r r e s p o n d e n C e  b e  a d d r e s s e d  
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.  
N o r m a l  c o n c r e t e  i s  c o m p o s e d  o f  c e m e n t .  s a n d .  g r a v e l . a n d  w a t e r .  I t  h a s  a  u n i t  
w e i g h t  o f  b e t w e e n  2 4 0 0  t o  2 5 0 0  k g / m
3  
H e a v y  w e i g h t / d e n s e  c o n c r e t e  h a s  d e n s i t y  o f  u p  
t o  6 0 0 0  kg/~
3 
~nd a g g r e g a t e s  u~ incl~de t>3~;es . st~; short~. s t e e l  ~n-chings . l i m o n i t e  
a n d  g e o t h i t e .  C o n c r e t e  c l a s s i f i e d  a s  l i g h t  w e i g h t  h a s  l e s s  d e n s i t y  t h a n  2 4 0 0  k g / m
3  
L i g h t  w e i g h t  c o n c r e t e  t y p e  i s  u ' s e d  whe1fther'~iis · need f o r  r e d u c t i o n  i n  d e a d  w e i g h t  o f  
s t r u c t u r e s .  M a t e r i a l s '  u s e d  a s  l i g h t  w e i g h t  c 6 n c r e t e  e l e m e n t s  i n c l u d e  f o a m e d  s l a g .  e x -
p a n d e d  o r  s i n t e r e d  c l a y .  f l y  a s h  a n d  ~w d~st . Lig~t'\~eight c o n c r e t e  i s  c h a r a c t e r i s e d  b y  
t h e  e a s e  o f  h a n d l i n g ,  w o r l ' i n g  a n d  r e d u c e d  c o s t  i n  f o r m w Q I ' J (  ( 1 ) .  - .  
P a l m  k e r n e l  i s  a · p r o d u c t  o f  o i l  p a l m  t r e e  i s  p r o d u c e d  i n  a b u n d a n c e  i n  W e s t e r n  a n d  
E a s t e r n  N i g e r i a .  T h e  s h e l l  h a s  b e e n  e c o n o m i c a l l y  u n d e r - u t i l i s e d  b e c a u s e  a  s m a l l  p e r -
c e n t a g e  ·i s  u s e d  e i t h e (  a s  d o m e s t i c  f u e l  o r  b y  t h e  g o l d  a n d  b l a c k s m i t h s  ( 4 ) .  T h e  r e s t  i s  
di~Posed a s  i n d u s t r i a l  w a s t e  i n  p a l m  o i l  p r o d u c ; t i o n  i n d u s t r i e s .  
C a r b o .n i s e d  s h e l l s  a r e  f a r  l i g h t e r  t h a n  r a w  p a l m  ' k e r n e l  s h e l l s  a n d  t h e  l i g h t n e s s  
i n c r e a 5 e s  w i t h  i n c r e a s e  i n  t e m p e r a t u r e .  B u r n t  p a l m  n u t  s h e l l  w o u l d  n o t  i g n i t e  u n t i l  a  
t e m p e r a t u r e  r a n g e  o f  3 0 0 - 4 0 0 D C .  T h e  w e i g h t  o f  l i g h t  w e i g h t  c o n c r e t e  i s  p r o p o r t i o n a l  t o  
i t s  d e n s i t y  b u t  i t s  r e s i s t a n c e  t o  w e a t h e r i n g  i s  a b o u t  t h e  s a m e  a s  t h a t  o f  t h e  n o r m a l  c o n -
c r e t e  ( 3 ) .  w h e n  c o m p a r e d  w i t h  t h e  n o r m a l  s a n d / g r a v e l  c o n c r e t e  i t  h a s  c e r t a i n  a d v a n -
t a g e s  w h i c h  i n c l u d e  
S a v i n g s  i n  str~ctural s t e e l  s u p p o r t  
d e c r e a s e  i n  f o u n d a t i o n  s i z e  b e c a u s e  o f  d e c r e a s e d  d e a d  l o a d  
b e t t e r  f i r e  r e s i s t a n c e  
b e t t e r  i n s u l a t i o n  a g a i n s t  h e a t  a n d  s o u n d  ( 2 )  ( 2 )  ( 4 )  
T h e  p r i n c i p a l  u s e  o f  l i g h t w e i g h t  i s  i n  ~he c o n s t r u c t i o n  o f  f l o o r s .  p a r a p e t  w a l l s  a n d  r o o f  
s l a b s  w h e r e  s u b s t a n t i a l  s a v i n g s  c a n  b e  e f f e c t e d  i n  d e c r e a s i n g  d e a d  w e i g h t .  
T h i s  p a p e r  q i s c u s s e s  t h e  p h y s 1 c a l  c h a r a c t e r i s t i c s  o f  b u r n t  a n d  u n b u m t  p a l m  b u t  
s h e l l s  a n d  s t r e n g t h  c h a r a c t e r i s t i c s  o f  l i g h t  w e 1 g h t  c o n c r e t e  w i t h  l : ) u m t  p a l m  n u t  s h e l l s  a s  
a g g r e g a t e s .  P a l m  n u t  s h e l l s  w e r e  b u r n t  t o  1  o o
0
c .  3 0 0 D C  a n d  S O O D C  a n d  t h o s e  b u r n t  i n  
t h e  op~n a i r .  T h e  u n b u r n t  a n d  b u r n t  p a l m  n u t  s h e l l s  w e r e  e m p l o y e d  t o  c a s t  1 5 0  x  1 5 0  x  
1 5 0  m m  c u b e s  l i g h t  w e i g h t c o n c r e t e  a t  m i x  1 2 : 4  w i t h  0 %  a n d  2 S %  r e p l a c e m e n t  i n  f i n e  
a n d  c o a r s e  a g g r e g a t e  a l t e r n a t i v e l y .  T h e  r e s u l t s  a r e  h e r e i n  d i s c u s s e d .  
M A T E R I A L S  A N D  M E T H O D S  O F  B U R N T  P A L M  N U T S H E L L  S P E C I M E N S  
T h e  o r i g i n a l  i n t e n t i o n  w a s  t o  b u r n  t h e  p a l m  n u t  s h e l l s  f r o m  o D e  t o  1 2 0 0 D c  b u t  1 t  
w a s  d i s c o v e r e d  t h a t  n e a r l y  a l l  t h e  s h e l l s  t u r n e d  t o  a s h e s  a t  a b o u t  6 0 0 D C .  T e m p e r a t u r e  
r a n g e  o f  O D C  t o  5 0 0 D C  ~as t h e n  s e l e c t e d .  F i v e  s a m p l e s  o f  b u r n t  s h e l l s  w e r e  c o n s i d e r e d  
i n  a l l  c o m p r i s i n g  o f  o n e  s a m p l e  u n b u m t  ( O D C ) .  3  s a m p l e s  b u r n t  t o  1 0 0 D c .  l o o D c  a n d  
500~C a n d  l a s t  s a m p l e  b u r n t  i n  t h e  o p e n  a i r .  
.  
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I n  t h e  p r o c e s s  o f  b u r n i n g  t h e  p a l m  n u t  s h e l l s  v a r i o u s  p h y s i c a l  a n d  c h e m i c a l  c h a n g e s  
t o o k  p l a c e .  W h e n  b u r n t  t o  a b o u t  1 0 0 ° C  w h i t i s h  f u m e s  w e r e  g i v e n  o f f  t h r o u g h  t h e  e x -
h a u s t  i n d i c a t i n g  t h e  e s c a p e  o f  m o i s t u r e  f r o m  t h e  s h e l l s .  S h e l l s  b u r n t  t o  1  o o
0
c  h a d  n o  
S i g n i f i c a n t  c h a n g e  i n  v o l u m e .  T h e  w h i t i s h  f u m e s  c o n t i n u e d  t i l l  a b o u t  2 5 0 ° C  w h e n  r e d -
d i s h  b r o w n  f u m e s  w e r e  o b s e r v e d  A t  t h i s  s t a g e  t h e  f i b r e s  a t  t h e  b a ·c k  o f  t h e  s h e l l s  
s t a r t e d  t o  d e c o m p o s e .  A t  a b o u t  3 0 0 ° C  t h e  s h e l l s  h a d  l o s t  a l l  f i b r e s  a n d  h a d  s h o w n  s l i g h t  
r e d u c t i o n  i n  v o l u m e  ( a b o u t  1 5 %  J .  A t  a b o u t  3 0 0 ° C  t h e  r e d d i s h  b r o w n  f u m e s  g a v e  w a y  t o  
o x - b l o o d  c o l o u r e d  f u m e s  s i g n a l l i n g  t h e  i g n i t i O f 1  o f  t h e  p a l m  n u t  s h e l l s .  T h e  i g n i t i o n  c o n -
t i n u e d  _ t i l l  a b o u t  4 8 ° C  w h e n  t h e  o x - b l o o d  f u m e s  s t a r t e d  t o  g i v e  w a y  t o  w h i t i s h  f u m e s  
I n d i c a t i n g  t h e  b e g i n n i n g  o f  t h e  d i s i n t e g r a t i o n  o f  t h e  s h e l l s  t o  a s h e s  a n d  s u b s e q u e n t  
r e d u c t i o n  i n  v o l u m e .  A t  s o o v c  a l l  t h e  m o r g a m c  m a t t e r s  i n  t h e  s h e l l s  h a d  d e c o m p o s e d  
.  .  
w i t h  a b o u t  6 5 %  r e d u c t i o n  i n  v o l u m e .  A n o t h e r  s a m p l e  o f  t h e  s h e l l s  w a s  b u r n t  i n  t h e  o p e n  
a i r .  
T E S T S  O N  C A R B O N I S E D  P A L M  K E R N E L  S H E L L S  S P E C I M E N S  
T h e  5  b a s 1 c  s p e c i m e n s  o f  b u r n t  p a l m  n u t  s h e l l s  a r e  
( a )  U n b u r n t  s h e l l s  ( 0 ° C )  
( b )  S h e l l s  b u r n t  t o  1  0 0 ° C  
( C J  S h e l l s  b u r n t  t o  3 0 0 c C  
1  d )  S h e l l s  b u r n t  t o  5 0 0
2
C  
t e J  S h e l l s  b u r n t  i n  t h e  o p e n  A 1 r .  
T h e  p h y s 1 c a l  t e s t s  p e r f o r m e d  o n  t h e  b u r n t  s h e l l s  s p e c 1 m e n s  w e r e  t o  d e t e r m m e  
t h e  g r a d a t i o n  u n i t  w e 1 g h t .  a b s o r p t i o n  a n d  a b r a s i o n  
G r a d a t i o n  T e s t :  S 1 m p l e  g r a d a t i o n  o f  t h e  b u r n t  s h e l l s  I S  a n  I m p o r t a n t  p h y s 1 c a l  t e s t  a s  1 t  
s h o w e d  t h e  p r o p o r t i o n  o f  d i f f e r e n t  s 1 z e s  o f  p a r t 1 c l e s  1 n  e a c h  o f  t h e  s p e c 1 m e n s .  T h e  t e s t  
s h o w e d  t h a t  p r e s e n c e  o f  s m a l l e r  p a r t i c l e s  1 n  b u r n t  s h e l l s  m c r e a s e d  w i t h  t e m p e r a t u r e  
i n c r e a s e .  
U n i t  W e i g h t :  U n 1 t  w e 1 g h t  o f  th~ p a l m  n u t  s h e l l s  b u r n t  t o  d i f f e r e n t  t e m p e r a t u r e .  f i n e  a n d  
c o a r s e  a g g r e g a t e s  w e r e  d e t e r m m e d  U n i t  w e 1 g h t  o f  b u r n t  s h e l l s  w e r e  f o u n d  t o  b e  d e -
c r e a s i n g  w i t h  d e c r e a s e  1 n  b u r n i n g  t e m p e r a t u r e  f r o m  1 4 2 6  7  k g ; m
3  
t o  1  0 6  k g ! m
3
.  a n d  a r e  
f a r  l e s s  t h a n  t h e  u n 1 t  w e t g h t  o f  f i n e  a n d  c o a r s e  a g g r e g a t e s  
W ,  
U n i t  w e 1 g h t  
=  
- - k g • m ;  
v
2
- v .  
"  
0  
w h e r e  
w ,  
=  
v ,  
=  
v 2  
=  
. ,  .  
L i g h t w e i g h t  C o n c r e t e  E l e m e n t s  , , d : T !  L - u , · ,  I  
w e 1 g h t  o f  s a m p l e  k g  
V o l u m e  o f  s a m p l e  
•7 Nut .:;:,n~::: i;:. 
V o l u m e  o f  w a t e r  t o  f i l l  c y l i n d e r  w i t h  s a m p l e .  
M o i s t u r e  c o n t e n t s  t e s t  
: . , . _  
M , o i s t u r e  c o n t e n t  o f  b u r n t  s h e l l s  t o  b e  u s e d  i n  l i g h t w e i g h t  c o n c r e t e  p r o d u c t i o n  i S  
v e r y  i m p o r t a n t  a s  t h i S  a f f e c t s  t h e  r a t e  a t  w h 1 c h  t h e  s h e l l s  a b s o r b  w a t e r  .  s ; - - . d  1 n  m 1 x m g  
c o n c r e t e  p n d  c o n s e q u e n t l y  a f f e c t s  s t r e n g t h  o f  t h e  c o n c r e t e .  M o i s t u r e  c o n t e n t  1s  d e f 1 n e d  
a s  w e i g h t  o f  s o l i d  i n .  a n  e l e m e n t  u s u a l l y  e x p r e s s e d  1n  p e r c s n t a g e  ( 5 )  M o 1s t u r e  c o m e n t  
o f  b u r n t  s h e l l s  w e r e  f o u n d  t o  b e  d e c r e c . J s 1 n g  w i t r .  t e m p e r a t u r e  i n c r e a s e  r r : : ; m ·  3  3 4 ° · c  t o  
0 . 1 3 % .  
M o i s t u r e  c o n t e n t  =  W .
3  
- " ' \  · :  0 0  
w h e r e :  
w ,  
w 2  
w 3  
w 4  
w 5  
=  
=  
=  
=  
=  
w s  
w e i g h t  o f  c o n t a m e r  
w e i g h t  o f  c o n t a m e r  - < ·  s a m p l e  
w e i g h t  o f  s a m p l e =  w
2
- w ,  
w e i g h t  o f  o v e n  d r y  s a m p l e . +  c o n t a 1 n e r  
w e i g h t  o f  o v e n  d r y  s a m p l e  =  w  
4
- w .  
%  o f  m o i s t u r e  c o n t e n t  w  3  - w  s  =  · :  0 0  
w s  
A b s o r p t i o n  c a p a c i t y  t e s t  
A b s o r p t i o n  c a p a c i t y  t e s t  w a s  c o n d u c t e d  o n  a l l  t h e  s p e c i m e n s  a s  t h i s  d e a l s  w i t h  
t h e  p o r o s i t y  o f  s h e l l s  b u r n t  a t  d i f f e r e n t  t e m p e r a t u r e  I n v e s t i g a t i o n  s h o w e d  t h a t  a b s o r p -
t i o n  c a p a c i t i e s  o f  t h e  s a m p l e s  i n c r e a s e d  < J : ,  t i l e  t e m p e r a t u r e  m c r e a s e d  f r o m  8 . 8 3 %  t o  
1 9 . 3 0 %  i n d i c a t i n g  t h a t  s h e l l s  b u r n t  t o  l o w e .  t e m p e r a t u r e  w o u l d  n o t  a b s o r b  m u c h  o f  t h e  
w a t e r  d u r i n g  c o n c r e t e  m i x i n g .  
A b s o r p t i o n  c a p a c i t y  =  
( W  . . . .  W
2
1  x  1 0 0  
W e i g h t  o f  s a t u r a t e d  s u r f a c e s  d r y  s a m p l e  =  W  
1  
W e i g h t  o f  o v e r  d r y  s a m p l e  =  W  _  
.  L  
A b r a s i o n  t e s t :  A b r a s i o n  t e s t  w a s  c o n d u c t e d  o n  t h e  s p e c 1 m e n s  t o  d e t e r m m e  t h e 1 r  d u r a -
b i l i t y  b y  t h e  u s e  o f  L o s  A n g e l e s  a b r a s 1 0 n  m a c h 1 n e  T h e  a D r a s 1 o n  t e s t s  s h o w e o  t h a t  
p e r c e n t a g e  d u r a b i l i t y  d e c r e a s e s  w i t h  t e m p e r a t u r e  m c r e a s e  f r o m  9 5 %  t o  6 6 %  
I  
·~ 
' 9  
· d  
) i  
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c  
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A l l i N  L A W A L  &  O L A  1 1 M  '  
U n i f o r m i t y  c o e f f i c i e n t  t e s t :  U n i f o r m i t y  c o e f f i c i e n t  o f  t h e  s p e c i m e n  w a s  a l s o  
i n v e s t i g a t e d  a n d  f o u n d  t o  b e  i n c r e a s i n g  w i t h  t e m p e r a t u r e  i n c r e a s e  f r o m  3 . 6  t o  8 . 9  
0 6 0  
D , c  
U n i f o n n i t y  C o e f f i c i e n t  =  
0 6 0  
D , o  
=  
s h e l l  d i a m e t e r  a t  6 0 %  f i n e r  ( m m ) ·  
=  
s h e l l  d i a m e t e r  a t  1 0 %  f i n e r  ( m m )  
P r e p a r a t i o n  o f  L i g h t  W e i g h t  C o n c r e t e  w i t h  P e r c e n t a g e  R e p l a c e m e n t  o f  A g g r e -
g a t e  w i t h  s h e l l s  b u r n t  t o  v a r y i n g  d e g r e e  o f  t e m p e r a t u r e  
T h e  q u a n t i t 1 e s  o f  l i g h t  w e i g h t  c o n c r e t e  c o m p o n e n t s  t o  f i l l  o n e  1 5 0  x  1 5 0  x  1 5 0  m m  
c u b e  i s  s h o w n  i n  T a b l e  X _  T h e s e  v a l u e s  w e r e  a r r i v e d  a t  a f t e r  a l l o w m g  5 0 %  a n d  1 0 %  f o r  
L  ,  
s h r i n k a g e  a n d  w a s t a g e  r e s p e c t i v e l y  
4  
•  
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T a b l e  X~ : 
" '  
P e r c e n t a g e  
r e p l a c e m e n t  
Q O / c  
1 0 %  C o a r s e  
2 5 %  C o a r s e  
. 1  0 %  F i n e  
2 5 %  F m e  
_ ,  
Q u a n t i t i e s  o f  M a t e r i a l s  U s e d  i n  C a s t i n g  o n e  c u b e  ( 1 5 0  x  1 5 0  x  1 5 0  
m m )  o f  l i g h t  w e i g h t  c o n c r e t e  m i x  1 : 2 : 4  w i t h  b u r n t  s h e l l s  a s  < t y u ; - e -
g a t e s  
~- - - -
V o l u m e  o f  V o l u m e  o f  f i n e  
b u r n t  s h e l l s  a g g r e g a t e s  ( m
3
)  
' )  
1  5 9 2  X  1 0 · -
I  
3  1 8 4  x  1  o-<~ 
1  5 9 2  X  1 0 "
3  
7  9 6  X  1  Q - L  
I  
1  5 9 2  x  1  o -: : ,  
1  5 9 2  x  1  o -
4  
1  . 4 3 2 8  x  1  o ·  
3  9 8  . X  1_ 0 -
4  
I  
1  1 S •4  x  1 0 - : 3  
V o l u m e  c o a r s e  
aggreg~tes ( m j )  
3 . 1 8 4  X  1 _ 0 - . :  
2 . 8 6 5  x  1  o·
3  
2 . 3 8 8  x ,  1  o· - =  ·  
3  1 8 4  X  1 0 ·
3  
3  1 8 4  x  1  o-. :  
· - -
V o i u n  
cem~ r 
1 E :  o f  J  
)  
7  9 6  X  1  
7 . 9 6  X  
7  9 6  X  1  
7  9 6  X  1  
4  
7  9 6  X  
.~ 
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-
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A K I N  L A W A L  &  O L A  F A G B E N U  
P r e p a r a t i o n  o f  F o r m w o r k  
1 5 0  m m  c u b e  c a s t  i r o n  m o u l d s  w e r e  u s e d  t o  c a s t  t h e  l i g h t w e i g h t  c o n c r e t e  c u b e s .  
t h e  c u b e s  w e r e  p r o p e r 1 y  c l e a n e d  a n d  o i l e d  b e f o r e  u s a g e  t o  a l l o w  f o r  e a s y  r e m o v a l  o f  t h e  
l i g h t  w e i g h t  c o n c r e t e  c u b e s .  
A  t o t a l  o f  2 1 0  c u b e s  o f  1 5 0  x  1 5 0  x  1 5 0  m m  l i g h t  w e i g h t  c o n c r e t e  m i x  1 : 2 : 4  w i t h  
s p e c i f i e d  p e r c e n t a g e  r e p l a c e m e n t  o f  f i n e  o r  c o a r s e  a g g r e g a t e  w i t h  s h e l l s  b u r n t  t o  
v a r y i n g  t e m p e r a t u r e s  w e r e  p r o d u c e d .  
S t r e n g t h  c h a r a c t e r i s t i c s  o f  l i g h t  w e i g h t  c o n c r e t e  w i t h  b u m t  p a l m  n u t  s h e l l s  a s  
a g g r e g a t e s  
T h e  m a j o r  e x p e r i m e n t s  p e r f o r m e d  i n c l u d e d  t h e  s l u m p  t e s t s  w h i c h  w a s  c a r r i e d  o u t  
o n  w e t  m 1 x e s  a s  w e l l  a s  d e n s i t y .  c o m p r e s s i v e  t e n s i l e  a n d  f l e x u r a l  s t r e n g t h s  o n  c u r v e d  
l i g h t  w e i g h t  c o n c r e t e  c u b e s .  a s  s h o w n  i n  t h e  a p p e n d i x  
R E S U L T S  A N D  D I S C U S S I O N  
P h y s i c a l  t e s t s  c o n d u c t e d  o n  t h e  b u r n t  p a l m  k e r n e l  s h e l l  o n  d i f f e r e n t  a s p e c t s  g a v e  
t h e  f o l l o w i n g  r e s u l t s :  
S i e v e  a n a l y s i s  o f  s a m p l e s  i n v o l v e d  s a m p l e  g r a d a t i o n  o f  u n b u r n t  s h e l l s  a n d  t h o s e  
b u r n t  t o  d i f f e r e n t  t e m p e r a t u r e .  f i n e  a n d  c o a r s e  a g g r e g a t e  R e s u l t  o f  t h e  s 1 e v e  
a n a l y s i s  s h o w e d  t h a t  p r e s e n c e  o f  s m a l l e r  p a r t i c l e s  m  b u r n t  s h e l l s  m c r e a s e d  
w i t h  i n c r e a s e  i n  t e m p e r a t u r e .  
U n i t  w e i g h t s  o f  b u r n t  s h e l l s  w e r e  f o u n d  t o  b e  d e c r e a s m g  w i t h  m c r e a s e  m  b u r n -
i n g  t e m p e r a t u r e  f r o m  1 4 4 3 . 3 6  k g t m
3  
t o  9 6 8 . 2 5  k g t  m
3  
U n i t  w e i g h t  o f  b u r n t  
s h e l l s  w e r e  l e s s  i n  v a l u e  t h a n  t h o s e  o f  f i n e  a n d  c o a r s e  a g g r e g a t e s  
T h e  s p e c i f i c  g r a v i t y  o f  b u r n t  s h e l l s  w e r e  f o u n d  t o  b e  d e c r e a s i n g  a s  t h e  t e m p e r a -
t u r e  i n c r e a s e d  v a r y m g  f r o m  1 . 4 4  t o  0 . 9 1 7  T h e  s p e c i f i c  g r a v i t y  f o r  b u r n t  s h e l l s  
w e r e  a l s o  f o u n d  t o  b e  l o w e r  t h a n  t h o s e  o f  f i n e  a n d  c o a r s e  a g g r e g a t e s .  
M o 1 s t u r e  c o n t e n t s  o f  b u r n t  s h e l l s  w e r e  f o u n d  t o  b e  d e c r e a s m g  w i t h  t e m p e r a t u r e  
i n c r e a s e  f r o m  3  3 4 %  t o  0 . 3 % .  T h e  m o i s t u r e  c o n t a i n e d  i n  t h e  s h e l l s  b u r n t  t o  
5 0 0 : . . ; C  w h i c h  i g n i t e d  a n d  t o t a l l y  d i s m t e g r a t e d  c a n  b e  a t t r i b u t e d  t o  t h o s e  a b s o r b e d  
f r o m  t h e  a t m o s p h e r e  d u r i n g  c o o l i n g .  
A b s o r p t i O n  c a p a c i t 1 e s  o f  t h e  s a m p l e s  m c r e a s e d  a s  t h e  b u r n m g  t e m p e r a t u r e  i n -
c r e a s e d  f r o m  8 . 8 3 %  t o  1 9 . 9 0 %  T h 1 s  1 s  a n  m d i c a t 1 o n  t h a t  p a l m  k e r n e l  s h e l l s  
b u r n t  t o  l o w e r  t e m p e r a t u r e  w o u l d  n o t  a b s o r b  m u c h  o f  t h e  w a t e r  d u r i n g  c o n c r e t e  
m 1 x e s  
•  
Q  
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L i g h t w e i g h t  C d r : r c r e t e  E l e m e n t s  f r o m  B u / n t  P a l m  N u t  S h e l l s  
A b r a s i o n  t e s t s  p e r f o r m e d  o n  t h e  b u r n t  s h e l l s  s h o w e d  t h a t  t h e i r  p e r c e n t a g e  d u -
r~bility i n c r e a s e d  w i t h  t e m p e r a t u r e  i n c r e a s e .  
U n i f o r m i t y  c o e f f i c i e n t  o f  b u r n t  s h e l l s  I n c r e a s e d  w i t h  t e m p e r a t u r e .  
C O N C L U S I O N  
T h i s  p r o j e c t  h a s  d e s c r i b e d  t h e  i n f l u e n c e  o f  r e p l a c i n g  c e r t a i n  p e r c e n t a g e  o f  
a g g r e g a t e s  i n  c o n c r e t e  w i t h  p a l m  n u t  s h e l l s  b u m t  t o  d i f f e r e n t  t e m p e r a t u r e .  T h e  f o l l o w i n g  
c o n c l u s i o n s  a r e  drawn~ ·  
D e n s i t y  o f  l i g h t  w e i g h t  c o n c r e t e  c u b e s "  d e c r e a s e d  w i t h  i n c r e a s e  i n  t e m p e r a t u r e  
.  .  
o f  b u r n t  s h e l l s .  
S u b s t a n t i a l  d e c r e a s e  i n  t h e  d e n s i t i e s  o f  l i g h t w e i g h t  c o n c r e t e  o c c u r r e d  w i t h  
c h a n g e s  i n  t h e  p e r c e n t a g e s  o f  b u r n t  s h e l l s .  
s u b s t a n t i a l  d e c r e a s e  i n  t h e  d e n s i t i e s  o f  l i g h t w e 1 g h t  c o n c r e t e  o c c u r r e d  w i t h  
i n c r e a s e d  r e p l a c e m e n t  o f  c o a r s e  a g g r e g a t e  w i t h  b u r n t  p a l m  n u t  s h e l l s .  
t h e  c o m p r e s s i v e  s t r e n g t h  o f  t h e  l i g h t w e i g h t  c o n c r e t e  i n c r e a s e d  w i t h  c u r i n g  a g e  
t h e  c o m p r e s s i v e  s t r e n g t h  o f  t h e  l i g h t w e i g h t  c o n c r e t e  d e c r e a s e d  w i t h  i n c r e a s e  i n  
t h e  p e r c e n t a g e  r e p l a c e m e n t  o f  b u r n t  s h e l l s  
T h e  c o m p r e s s i v e  s t r e n g t h  o f  t h e  l i g h t w e i g h t  c o n c r e t e  d e c r e a s e s  w i t h  i n c r e a s e  
i n  t e m p e r a t u r e  o f  b u r n t  p a l m ·  n u t  s h e l l s  u p  t o  3 0 0 ° C  i n  t h e  s a m e  p e r c e n t a g e  
r e p l a c e m e n t .  
T h e  c o m p r e h e n s i v e  s t r e n g t h  o f  t h e  l i g h t w e i g h t  c o n c r e t e  w i t h  b u r n t  p a l m  n u t  
s h e l l s  r e p l a c e m e n t  i n  c o a r s e  a g g r e g a t e s  w a s  m o r e  t h a n  t h a t  o f  t h e  f i n e  
a g g r e g a t e  a t  t h e  s a m e  b u r n t  s h e l l  p e r c e n t a g e  r e p l a c e m e n t  f o r _  t h e  s a m e  
t e m p e r a t u r e  a n d  c u r i n g  a g e s  
C o n s i d e r i n g  t h e  g r a d u a l  r e d u c t i o n  i n  u n i t  w e i g h t .  s p e c i f i c  g r a v i t y .  m o i s t u r e  
cont~nt . a b s o r p t i o n  c a p a c i t y .  d e n s i t y .  c o m p r e s s i v e  s t r e n g t h  w i t h  i n c r e a s e  i n  
t e m p e r a t u r e  ( u p  t o  3 0 0 ° C  t o  w h i c h  t h e  s h e l l s  w e r e  b u r n t )  i t  w a s · c o n c l u d .e d  t h a t  p a _l _m  n u t  
sh~lls b u r n t  t o  3 0 0 ° C  c a n  b e  u s e d  a s  l i g h t  w e i g h t  c o n c r e t e  a g g r e g a t e .  I t  c a n  ~e 
e s p e c i a l l y  u s e d  i n  p l a c e  o f  c o a r s e  a g g r e g a t e .  
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U n i t e d  S t a t e s  D e p a r t m e n t  o f  t h e  I n t e r i o r  A  M a n u a l  f o r  t h e  C o n s t r u c t i o n  o f  
C o n c r e t e  S t r u c t u r e  ( 1 6 t h  E d . )  N e w  Y o r k :  1 9 5 6 .  
S p a m a a i j ,  L .  d .  T h e  A n a l y s i s  o f  B u r c h  P r o d u c t i o n  i n  t h e  O i l  P a l m .  W e s t  A f r i c a  
I n s t i t u t e  o f  O i l  P a l m  R e s e a r c h .  1 9 6 4  .  
A P P E N D I X  
E x p t l r i n H H i t s  o n  t h e  s t r e n g t h  c h a r a c t e r i s t i c s  o f  t h e  c o n c r e t e  s p e c i m e n  
S l u m p  t e s t  
R e s u l t  o f  t h e  s l u m p  t e s t s  f o r  t h e  l i g h t  w e i g h t  c o n c r e t e  c u b e s  s h o w n  i n  T a b l e  X  
s h o w e d  t h e  s l u m p  v a l u e  d e c r e a s e  w i t h  t e m p e r a t u r e  i n c r e a s e  b u t  p i c k e d  u p  f o r  s h e l l s  
b u r n t  t o  5 0 0 ° C  a n d  t h o s e  i n  t h e  o p e n  a i r .  T h i s  i s  d u e  t o  t h e _p r e s e n c e  o f  s m a l l e r  p a r t i c l e s  
i n  t h e  s a m p l e s  a s  c o u l d  b e  s e e n  i n  t h e  s a m p l e  g r a d a t i o n  t e s t .  
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T a b l e  X
3
:  
S l u m p s  c h a r a c t e r i s t i c s  o f  w e t  l i g h t  w e i g h t  c o n c r e t e  w i t h  d i f f e r e n t  
s h e l l s  ( b u r n t ,  t o  d i f f e r e n t  t e m p e r a t u r e r p e r c e n t a g e  rep~c~ment 
.Tempera~ure t o  w~ich s~lls 
%  o f  aggregate~ _repla~. \V~h 
SJu~p ( m m )  
w e r e  b u r n t  
b u r n t  s h e l l s  
- ~ · "  . . .  
" ·  
U n b u m t  0 %  
1 4 m m  
I  
1 0 %  c o a r s e  
1 2 m m  
!  
2 5 %  c o a r s e  
7 m m  
1 0 %  f i n e  
8 m m  
2 5 %  f i n e  9 m m  
1 0 0 %  1 0 %  c o a r s e  
1 0 m m  
2 5 %  c o a r s e  5 m m  
1 0 %  f i n e  
7 m m  
2 5 %  f i n e  9 m m  
3 0 0 ° C  
1 0 %  c o a r s e  
3 m m  
2 5 %  c o a r s e  
1  m m  
1 0 %  f i n e  
1  m m  
2 5 %  f i n e  
2 m m  
s o o
0
c  1 0 %  c o a r s e  6 7 m m  
2 5 %  c o a r s e  4 2 m r n  
1 0 %  f i n e  
5 6 m m  
2 5 % f i n e  & O m m  
B u r n t  i n  t h e  o p e n  a i r  
1 0 %  c o a r s e  5 5 m m  
2 5 %  c o a r s e  3 8 m m  
1 0 %  f i n e  4 8 m m  
2 5 %  f i n e  5 2 m m  
- - -
- -
• 
• 
-
Temperature 
Unburnt 
. 100°C 
300°C 
500°C 
Burnt in the 
.open air 
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Density of concrete with different shells (burnt to different tem-
perature) percentage replaced at different curing ages 
Curing Ages (Days) 
Same Day 2 days 
% Replacement 
Weight Density Weight Density 
kg kg/m 3 kg kglm3 
0% 8.25 244.4 8.38 2483.0 
10% Coarse 7.75 2296.3 7.95 2355.6 
25% Coarse 7.56 2240.0 7.74 2293.3 
10% fine 8.16 2417.8 8.29 2456.3 
25% fine 7.86 2328.9 7.99 2367.4 
10% Coarse 7.69 - 2278.5 7.85 2325.9 
25% Coarse 7.44 2204.4 7.59 2248.9 
10% fine 7.99 2367.4 8.15 2414.8 
25% fine 7.88 1334.8 8.06 2388.2 
10% Coarse 7.79 2308.2 7.94 2352.6 
25% Coar,;e 7.57 2243.0 7.65 2266.7 
10% fine 7.91 2343.7 8.01 2373.3 
25% fine 7.76 2299.3 7.89 2337.8 
10% Coarse 7.83 2320.0 8.03 2397.3 
25 L,, Codrse 7.76 2299.3 7.89 2337:8 
1 Qu,t f lilt' 7.83 . 2367.4 8.11 2403.0 
25% f1ne 7.89 2337 .8 7.95 2355.6 
10% Coarse 7.84 2323.0 7.96 2358.5 
25% Coarse 7.60 2257.9 7.74 2293.3 
10% fine 7.96 2358.5 8.04 2382.2 
25% fine 8.25 2444.4 8.36 2483.0 
• 
.. 
• 
• 
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f em~r.tture Curing Ages (Days) 21 Days 28 days % Replacement 
Weiqht Density Weight Density 
I 
I kg kg/m3 kg kglm3 
Unburnt QO' lo 8. 15 2444.4 8.30 2459.3 
10% Coi1rse 8. 05 2385.2 8.05 2378.2 
I 
25% Coarse! 7 80 211 .1 7.80 2311 .1 
I 10% fine 8 30 2459.3 . 8.30 2459.3 I 
100°c-t 25% fine 8.10 2400.0 8.05 2414.8 10% Coarse I 7.90 2240 7 7.90 2340.7 
25% Coarse 7.65 2266.7 7.70 . 2281.5 
10% fine 7.85 2325.9 7.90 2340.7 
25°16 fine 7.90 2340.7 7.90 2340.7 
300° C 10% Coarse 7 90 2340 .7 8.00 2340.7 
25% Coarse 7.65 2265 .7 . 2.70 2281 .5 
10% fine 8.10 2400.0 8.05 2385.2 
25% fine 7.00 2370.4 8.00 2370.4 
soo0c 10% Coarse 8 25 2444 .4 8.20 2439.6 
25% Coarse 7.65 2266 .7 7.70 2281 .5 
10% nne 8.25 2444.4 8.15 2414.2 
25°/c fme 8.30 2429.6 8.20 2429.6 
Burnt 1n the ! 10% c <1rse 8 00 2370 .4 8.05 2385.2 
open a: r l 25% c arse I' 65 2266 .7 7.65 2266 .1 I 
I 
I 1 O"tc f:r> 8 10 2400.0 8.10 2400.2 I 
l 25'i·c f1nt: 8 45 2503.7 8.50 2518 .5 
Compressive Strength 
The compressive stre'lgth obtained from crushing the lightweight concrete cubes 
;:.:·:' sh m·r 1r1 Table X" ft,t> resu lt obt amea showed·.t,j)at compress1v.e strength was 
rJec:reasmg w:;h mcrease 1n bu rnmg temperature of burnt shells up to 300°C while the 
:;t! >.1'gth c1cked up aga111 at 500°C It also shows that compressive strength of con-
crete with burnt shells ar the same temperature increases with curing age . 
Table X4 Contd. 56 
Lightweight Concrere Elements from Bumt Palm Nut Shells 
Curing Ages (Days) 
Same Day 2days 
Temperature % Replaceme1,1t 
Weight Density Weight Density 
kg kglm 3 kg kglm3 
Unburnt 0% 8-;-30 2459.3 8.25 2444.4 
10% Coarse 8.00 2370.4 8.00 23704 
25% Coarse 7.07 2281 .5 7 75 2296 3 
10% fine 8.30 2459.3 8.30 2459.3 
25% fine 8.00 2370.3 8.05 2385.2 
.1 oo0c 10% Coarse 7 85 . 2335 .9 7.85 2325 .9 
25% Coarse 7.60 2257 .9 7.65 2266 .9 
10% fine 7 10 2400.0 7 90 4340 7 
25% fine 7.30 2459.3 7.70 2381 5 
300°C 10% Coarse 8. 00 2370 4 7.90 2340.7 
I 
25% Coarse 7 65 2266 .7 7.60 2251 .9 
10% fi ne 8.00 2370.0 8.01 2400 .0 
25% fine 7 90 2106.7 7.00 2370.4 
500°C 10% 'coarse 8.00 2370 .0 8 15 2414 .8 
25% Coarse 7.75 2296 .3 7 60 2251 .8 
10% fine 8.10 2400.0 8.20 2429.6 
25% fine 8.00 23704 8.20 2429.6 
Burnt in the 10% Coarse 8 00 2470 .4 8.00 23704 
_, 
";= 
,-
-
open air 25% Coarse 7.75 2281 5 7.65 2266 .7 
10% fine 8.10 2400.0 8.05 2385.2 
25% fine ·8.35 247.-1 8.40 2488.9 
.. 
• 
• 
Percentage 
rep.lacement 
0% 
10% Coarse 
25% Coarse 
,10% Fine 
25% Fme 
Quantities of Materials Used in Casting one cube (150 x 150 x 150 
mm) of light weight conc rete mix 1:2 :4 w ith burnt shells as dy'.J i e-
gates 
·- ~--
·-
Volume of Volume of fine Volume coarse Volum E. of 
burnt shells aggregates (m 3) aggregates (m ' ) ,.em'i!nt 1m-4 ) 
'") 
3 184xl0< 7 96 x 1 o-2 1 592 X 10·-
I 
I 3 184 x 1 o-4 1 592 X 10·3 2.865 x 1 o-3 7 96 X 10 
I 7 96 .X 1 0_,: 1 592 X 10- Cl 2 .388 X' 10-: . 7 96 x 1 o-4 
1 592 x 1 o-4 1 4328 x 1 o- 3 184 X 10-J 7 96 x 1 o-4 
3 98 .x 1_0-4 I 1 :::,4 x , o· 3 3 184 x 1 o· 3 7 96 X 10 
-A 
.. 
I. 
Lightwetght Concrete Elements from Bumr Palt;FJ Nut Shells 
T.tMe Xf Compressive strength of light weight concrete with burnt shells in N mm2 
Temperature % Replacement Curing Ages (Days) 
T 14 21 28 
. Unbumt 0% 21.24 29.42 32.53 27 .96 
10% Coarse 18.43 23.38 24.67 28 .00 
25% Coarse 15.48 20.80 23.56 24.00 
10% Fine 16 .53 ,2 1. 33 2276 24 .98 
25% Fine 13.16 16.80 20.89 23 .47 
100°C 10% Coarse 12 .18 16.71 17 16 21 .69 
25% coarse 9.02 11 .38 . 11 .64 14.67 
10% Fine 11 .82 15.64 16.09 20.36 
25% Fine 8.18 10.40 10 67 13.42 
300°C 10% Coarse 10.40 14.22 15 04 17.96 
25% Coarse 8 18 10.31 11.29 12.98 
-
10% Fine 9.50 12.62 13.87 15.91 
25% Fine 7 :02 8.89 9.69 11 .11 
. 500°C 10% Coarse 14.41 17.02 18.31 20 .98 
25% Coarse 11 .04 11 .56 13.78 15 78 
10% Fine 13 00 14.93 17 51 20 .09 
25% Fine 9.40 . 9 82 12.62 14.49 
Burnt in the 10% Coarse 11 21 13.42 17 60 14.20 
open a1r 25% Coarse 10.21 12.80 16 76 18.31 
10% Fine 10.55 13.24 17.33 18.93 
25% Fine 9 98 .11 73 15.38 16 80 
Tensile strength: 
The tensile st rengths obfained from compress1ve strength are shown in Table x6 . 
The tens11e strengths were calculated from compress1ve strengths us1ng the formular 
where . fer = 0 375 (0 3 + 0 7) ~-~ 
0
oc 
f ct = Tensile strength 
D1c = Air dry density of light we1ght concrete 
D = Air dry dens1ty of Ordinary concrete 
?C 
L 
' 
I 
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r: 
Temperature 
lnbumt 
' 
1011"(" 
_-; oo' ·c 
:'iiHI"C 
Burn t 111 the 
open <:m 
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Tensile strength of li~ht wei~ht concrete witb burnt shells in 1' mm2 
calcul»ted fmm compressiw s-trength 
% Replacement Curio~ Ages (Da~s) 
7 l.t 21 28 
f l11 -,, I ::r, I ~ ·) I :;c, I I>X 
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